Abstract In August 2011, vegetable crops showing symptoms of maceration and water soaked lesions on their tuber, leaf, and fruit were collected from four major vegetable growing states in Malaysia including Pahang, Johor, Melaka and Selangor. The majority of the causal organisms isolated from infected tissues (52 strains) were identified as Pectobacterium spp. based on PCR amplification of the pectate lyase (pel) gene and amplification of the 16S-23S rRNA (ITS) with G1 and L1 primers. Physiological and biochemical assays divided Malaysian Pectobacterium species into two main groups: Pectobacterium wasabiae and Pectobacterium carotovorum subsp carotovorum. Partial sequence of PCR product from reaction of putative Pectobacterium spp. with 16S rRNA confirmed the results obtained from physiological and biochemical assays used for identification of the bacterium. Application of specific primers such as Eca1F/Eca2r, Br1f/L1r, EXPCCF/ EXPCCR, and also ITS-PCR following by RFLP by restriction enzyme (RsaI) successfully differentiated Malaysian P. wasabiae and P. carotovorum subsp carotovorum isolates from other species and subspecies of Pectobacterium. Phylogenetic analysis of Malaysian isolates with housekeeping genes (mdh, gapA) grouped Malaysian P. carotovorum subsp carotovorum and P.
Introduction
Pectobacterium spp. is a ubiquitous bacterium that causes bacterial rot in different vegetables, ornamental and horticultural plants (Harris 1979; Perombelon and Kelman 1980; Alippi et al. 1997; Duarte et al. 2004; Hossain et al. 2005; Charkowski 2006; Luzzatto et al. 2007; Pitman et al. 2008; Kim et al. 2009 ). To date, the genus Pectobacterium has been divided into numerous species and subspecies includingP. carotovorum subsp carotovorum (Pcc), P. carotovorum subsp oderiferum (Pco), P. carotovorum subsp brasiliensis (Pcb), P. betavasculorum (Pb), P. atrosepticum (Pa), and P. wasabiae (Pw) on the basis of molecular, biochemical and host range differences (Gardan et al. 2003; Duarte et al. 2004; Ma et al. 2007 ; Van der Merwe et al. 2010) . Soft rot can be found worldwide on a variety of fleshy storage tissues of vegetables. The disease occurs on crops in the field, in storage, during transit, and in market places resulting in major economic damage. The economic importance of vegetable loss by soft rot bacteria varies by severity of the disease and the value of the crop. The extent of bacterial soft rot damage is influenced by environmental, growth and storage conditions (Perombelon and Kelman 1980) . High temperature, humidity and poor transport management are environmental factors that may cause severe damage on already infected symptomless vegetables which had no symptoms during harvesting or sale. There is no way to accurately measure exactly how much of a vegetable can be lost due to soft rot but the best scientific estimate is between 15 % and 30 % of harvested crop (Agrios 2006) . In countries like Singapore, Indonesia and Malaysia, soft rot is also known as the most destructive disease of vegetables because of high temperatures, humidity, and poor transportation systems (Higashio and Yamada 2004) . Pectobacterium carotovorum subsp. carotovorum (Pcc) has a broad host range, causing soft rot disease in various crops including potato, eggplant, cabbage, cucumber, pepper, tomato, carrot, and other vegetables and ornamental plants (Wright 1998; Avrova et al. 2002; Yahiaoui-Zaidi et al. 2003; Toth et al. 2003) ; whereas Pw is just reported from a limited number of hosts, and to this date, there is no report of Pw occurrence on sweet potato, eggplant, tomato, and cabbage. Pw was originally reported from Japanese horseradish, and later has been shown to occur in other regions including USA, New Zealand, and Iran (Goto and Matsumoto 1987; Pitman et al. 2010, and Baghaee-Ravari et al. 2011) . Due to weather conditions in Malaysia, soft rot and blackleg can cause severe financial losses in vegetable agriculture. Pcc has been previously isolated from some vegetables and ornamental plants in Malaysia (Nazerian et al. 2011) . However, there is no report of Pw in Malaysia and this is the first report of Pw occurrence in vegetables in this country. The purpose of this study was to identify the bacteria causing the vegetable soft rot and blackleg disease using biochemical and molecular techniques.
Materials and methods

Bacterial strains
The bacterial strains used in this study were isolated from sweet potato (Ipomoea batatas), tomato (Solanum lycopersicum), eggplant (Solanum melongena), and chinese cabbage (Brassica rapa) collected from four major vegetable growing states in Malaysia which were affected by soft rot disease (Table 1 ). The disease is characterized by dark and small water-soaked lesions or soft rot symptoms on sweet potato tuber, tomato stem, Chinese cabbage leaf and eggplant fruit. In addition, extensive discolouration of vascular tissues, stem hollowness, and water-soaked, soft, dark green lesions that turned brown with age were observed on tomato stems. Type strains of Pectobacterium carotovorum (SCRI 1949), P. atrosepticum (SCRI 1043), P. wasabiae (SCRI488), and Dickeya chrysanthemi (DSM4610) were obtained from the James Hutton Institute (SCRI), and P. oderiferum (ICMP11533) was obtained from the Instituto Biologio Secao de Bacteriologia (IBSBF).
Media and culture conditions
Isolation of bacteria from diseased samples was performed according to Perombelon and Van der Wolf (2002) . Tiny samples of tubers, leaves, stems and fruits of infected plants were cut from the margin of healthy and diseased tissue. Cut samples were soaked in 1-2 drops of sterile water for 10 min to ooze out the bacterial cell into the solution. The suspensions were placed on nutrient agar (NA) and eosin methylene blue (EMB) (Schaad et al. 2001) . After 24 h of incubation at 27°C, single colonies with white to creamy colour and irregular margin on NA or emerald green on EMB were purified on King s B medium. Selected strains were further characterized and were stored in 20 % (v/v) glycerol at −80°C until required.
Hypersensitivity reaction
Hypersensitivity reaction (HR) assays (Bauer et al. 1994) were performed with selected Malaysian strains, type strains of Pcc (SCRI1949) and Pw (SCRI 488) (positive control), and distilled water (negative control). The leaves of 2-month-old Nicotiana tabacum cv. Xanthi plants were infiltrated with a suspension containing 50 μl of (10 8 CFU/ml) bacteria and kept at room temperature. The plants were examined for the HR 24 h after inoculation. This experiment was performed twice, and for each experiment three leaves of two Nicotiana tabacum cv. Xanthi plants were infiltrated with bacterial suspension.
Potato soft rot test (Tissue maceration)
Tissue maceration test was carried out on healthy potato slices (without any disease and damage on the surface). After washing, the tubers were dipped in 10 % sodium hypochlorite for 1 min and then washed 
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three times with sterile water. The potato tubers (Solanum tuberosum cv. Marfona). were cut into slices of suitable thickness (10 mm). To prevent oxidation, 0.05 % sterile ascorbic acid solution was applied on the surface of each slice for 1 min. A well of 5 mm 2 was made in the centre of every potato slice with a sterile cork borer and were placed on sterile and wet filter papers in separate Petri dishes (Perombelon 2002; Vitale et al. 2004 ). For each experimental repetition, three to five potato slices were inoculated with 100 μl of the pathogen (10 6 CFU/ml). Distilled water was applied on the surface of some slices as control. Inoculated slices and controls were incubated at 100 % relative humidity for 2-3 days at 28°C. The extent of soft rot was evaluated by measuring the amount of macerated tissue (Lojkowska and Kelman 1994) . This experiment was repeated three times for each bacterial strain.
Pathogenicity tests
The pathogenicity assay was performed on different host plants including Chinese cabbage (Brassica rapa var. Oleifera), sweet potato (Ipomoea batatas cv. Oren), tomato (Solanum lycopersicum cv. MT1), pepper (Capsicum annuum cv. Annuum), and eggplant (Solanum melongena cv. PKM 1). The surface of the sweet potato tubers, pepper, and eggplant fruits were sanitized in 70 % ethyl alcohol for 30 s and were washed with sterilized distilled water. Tubers and fruits then needle punctured with 10 μl (10 8 CFU/ml) overnight culture of each strain grown on nutrient broth (NB) for 24 h at 27°C. Inoculated and non-inoculated (control) tubers and fruits were incubated in a moist chamber with 80-90 % relative humidity at 27°C. After 72 h, macerated tissue was scooped from the tubers and fruits and weighed to determine the extent of tissue maceration (Yap et al. 2004) .
Pathogenicity tests were carried out similarly on cabbage leaves. However, in this case, the leaves of each plant were separated before sanitization, injected with 10 μl of a bacterial suspension (10 8 CFU/ml) with a syringe, and then incubated at 28°C for 48 h in a moist chamber (80-90 % relative humidity). Four leaves per strain were inoculated ). Distilled water was used as a negative control.
To evaluate stem rot and blackleg on tomato plants, 5-week-old tomato stems were needle punctured and inoculated with 20 μl of 10 8 CFU/ml overnight culture of each bacterial strain grown on nutrient broth (NB) for 24 h at 27°C. Injection was performed approximately 10 cm above the soil level, and injection sites were wrapped with parafilm immediately after inoculation. Three tomato plants and three stems per plant were inoculated for each bacterial strain and control treatment (Moleleki et al. 2012) . The plants were incubated under glasshouse conditions with temperature averaging 32°C and 85 % daily RH. The black leg lesions symptoms were evaluated daily for 21 days. The experiments were repeated four times
Conventional phenotypical and physiological tests
Bacterial strains that were characterized as positive in pectolytic activity and were able to macerate potato 
slices were selected for biochemical and physiological tests such as Gram reaction, facultative anaerobic activity (Hugh and Leifson 1953; Yahiaoui-Zaidi et al. 2003) , pectinase production (Janse 2006) catalase and oxidase activity (Dickey and Kelman 1988) , sucrose reduction, indole production from tryptophan, phosphatase production and sensitivity to erythromycin (Schaad et al. 2001) , and ability to grow at 37°C in nutrient broth. Assimilation of carbon source substances on the basal medium (Ayers et al. 1919 ) enriched with 1 % carbohydrates were tested for Keto-methyl glucoside, Sorbitol, Arabitol, Melibiose, Citrate, Raffinose, Maltose and Cellubiose. Pectobacterium carotovorum (SCRI1949), and P. wasabiae (SCRI488) were used as reference strains in each test.
Bacterial DNA extraction
Genomic DNA was extracted from bacterial isolates by modifying some steps of CTAB protocol (Manicom et al. 1987) . In brief, 800 μl of 2 % CTAB (DNA extraction buffer) was added in each tube separately. Extraction buffer (per l00 ml) contained 1 M CTAB (2.0 g), Tris Base (1.2 g), NaCl (8.9 g), EDTA (0.744 g) with sterile distilled water (100 ml), together with 5 μl of mercaptanol was added separately to each tube. This mixture was incubated at 65°C water bath for 5 min with intermittent shaking. After adding 600 μl of chloroform:isoamylalcohol (24:1) the mixture was centrifuged at 13,000 rpm/min for 15 min. The mixture centrifuged in 13,000 rpm for 15 min, and the above liquid transferred to other micro tubes with equal volume of isopropanol added and incubated in −20°C overnight. Next day the mixture was centrifuged again at 14,000 rpm/min for 20 min, the supernatant was discarded and pellet was kept in room temperature to dry. Finally, the pellet was mixed with 100-200 μl of distilled water and incubated at −20°C for further usage.
Molecular identification
For a rapid, sensitive, and simple identification and differentiation of Malaysian isolates, PCR assays were applied with primers listed in Table 2 . Primers Y1 and Y2 were used to amplify a 434 bp fragment of a pectate lyase encoding gene (pel gene) for detection of Pectobacterium species except P. betavascularum (Darrasse et al. 1994) . Primers EXPCCR and EXPCCF were was to amplify a 550 bp band in P. carotovorum subsp carotovorum and P.
wasabiae (Kang et al. 2003) . Primers ECA1f / ECA2r and Br1f/L1r were used in PCR reactions to detect P. atrosepticum and P. carotovorum subsp brasiliensis respectively (De Boer and Ward 1995; Duarte et al. 2004 ). The PCR reactions were performed in a total volume of 50 μl consisting of 5 μl of 10× PCR buffer, 1.5 mM MgCl 2 , 2.5 mM dNTPs, 10 μM each forward and reverse primer, 0.5 U of Taq Polymerase (Fermentas life science, Cinnagen) and 100 ng DNA template. PCR amplifications were conducted using a Biometric Thermocycler (Bio-Rad Laboratories, Inc) with the following thermal regime; initial denaturing for 5 min at 94°C, 35 cycles of denaturing at 94°C for 30 s, followed by annealing at 52°C for 30 s, and elongation at 72°C for 60 s, and final extension step at 72°C for 7 min. PCR assays developed for 16S-23S intergenic transcribed spacer (ITS) region with universal primers (L1/G1) as described by Toth et al. (2001) were used to differentiate Pectobacterium species from other soft rotting bacteria such as Erwinia chrysanthemi (Dickeya spp.). The PCR reaction was performed in a total volume of 50 μl consisting of 10× PCR buffer, 1.5 mM MgCl 2 , 2.5 mM dNTPs, 10 μM each forward and reverse primer, 0.5 U DreamTaq Polymerase (Fermentas life science, Cinnagen) and 50 ng DNA template. PCR amplification was conducted using a Biometric Thermocycler (Bio-Rad Laboratories, Inc) with the following thermal regime: initial denaturing for 5 min at 94°C, 28 cycles of denaturing at 94°C for 1 min, followed by annealing at 55°C for 2 min, elongation at 72°C for 2 min, and a final extension step at 72°C for 2 min. Amplified ITS-PCR product were digested with the RsaI enzyme according to manufacturer's instructions (Fermentas life science, Cinnagen). Amplified products were detected by electrophoresis in a 2 % agarose gel stained with ethidium bromide (0.5 μg/ml), and visualized under UV light.
Sequencing and phylogenetic analyses
Phylogenetic analysis of representative strains was performed using primers designed to amplify the conserved sequences in the malate dehydrogenase (mdh) and glyceraldehydes-3-phosphate dehydrogenase (gapA) genes, both of which have previously been demonstrated to be useful for phylogenetic studies of the enterobacteriaceae (Ma et al. 2007; Pitman et al. 2010) . Primers used to amplify the mdh and gapA genes are listed in Table 2 . The PCR reactions were performed in a total volume of 50 μl consisting of 5 μl of 10× PCR buffer, 1.5 mM MgCl 2 , 2.5 mM dNTPs, 10 μM each forward and reverse primer, 0.5 U DreamTaq Polymerase (Fermentas life science, Cinnagen) and 20 ng DNA template. PCR amplification was conducted using a Biometric Thermocycler (Bio-Rad Laboratories, Inc) with the following thermal regime: initial denaturing for 5 min at 94°C, 35 cycles of amplification at 94°C for 30 s, followed by annealing at 52°C for 30 s, and elongation at 72°C for 60 s followed by a final extension step at 72°C for 7 min. Amplification products were separated by electrophoresis on 1 % (w/v) agarose gel after staining with ethidium bromide. The PCR products were purified using the QIAquick PCR purification kit (Qiagen) before sequencing using an automatic sequencer.
DNA sequences were manually edited using Bioedit v7.1.3 and aligned using ClustalW with a gap opening penalty of 10 and gap extension penalty of 0.02 for multiple alignments. For comparison, reference sequences of Pectobacterium spp., and outgroup sequences of Dickeya spp. and Brenneria spp. were obtained from the Genbank database (Ma et al. 2007 ). Phylogenetic and molecular evolutionary analyses of aligned gene sequences were conducted using MEGAv5.0 (Tamura et al. 2011) by maximum likelihood and maximum parsimony methods on the combined data sets. A 1,000 parsimony bootstrap replication was used to assess the stability of clades. Sequence data obtained in this study have been deposited in GenBank (Table 1) .
Results
Identification of Pectobacterium wasabiae and P. carotovorum on vegetables
In August 2011, vegetable crops from four major growing states in Malaysia were infected by a soft rot disease. Disease incidence exceeded 80, 75, 50, 40, and 65 % in severely infected fields and greenhouses of sweet potato (Ipomoea batatas), tomato (Solanum lycopersicum), cabbage (Brassica rapa), pepper (Capsicum annuum), and eggplant (Solanum melongena), respectively. A survey was performed on infected vegetable tissues such as sweet potato tubers, tomato stems, eggplants, pepper fruits, and cabbage leaves. In total, 52 isolates from rotted tissues were identified as Pectobacterium spp by biochemical and phenotypic assays. The biochemical tests divided the isolates into two main groups according to their ability to grow at 37°C. In addition, these two groups were differentiated by utilization of raffinose, lactose, and elicitation of HR on tobacco leaves (Table 3 ). All bacterial cultures isolated from the survey exhibited pectolytic ability on potato slices. The strains were also negative for indole production, phosphatase activity, reducing sucrose, and negative for acid production from maltose, sorbitol, inositol, inolin, melezitose, α-methyl-D-glucoside, and D-arabitol. P. wasabiae, P. atrosepticum, and atypical P. carotovorum subsp carotovorum did not grow at 37°C, but could be differentiated by other biochemical gapA CCGCGCATCATCACTTCATG tests such as reducing substances from sucrose, utilization of lactose, and raffinose that is negative for P. wasabiae and positive for P. atrosepticum and P. carotovorum subsp carotovorum. Therefore, based on biochemical features group 1 of the isolates was identified as Pw; the rest of the isolates that were initially separated from Pw, and belonged to group 2 differed from reference strains of Pa, Pb, and Pco in some tests such as producing acid from α-Methylglucoside and utilization of palatinose and maltose and were identified as Pcc (Table 3) .
Molecular identification
Primers (Y1/Y2, EXPCCF/EXPCCR, 16SF1/16SR1, and L1/G1) were employed to detect Pectobacterium spp. from vegetables in Malaysia. PCR amplification of the 16S-23SrRNA intergenic transcribed spacer region (ITS) using L 1 and G 1 primers (Toth et al. 2001 ) produced two main bands about 535 and 580 bp when electrophoresed on2 % agarose gel. Analysis of ITS-PCR products confirmed that Malaysian strains isolated in this study belonged to Pectobacterium spp. rather than other soft rotting bacteria like Dickeya spp. Amplification of the expected bands (434 bp) occurred in all strains using Y1/Y2 primers that were designed to react with all Pectobacterium species (P.atrosepticum, P.carotovorum, and P. wasabiae) except P. betavasculorum. All isolates failed to amplify with P. atrosepticum and P. carotovorum subsp brasiliensis specific primers (Eca1f / Eca2r and Br1f/L1r respectively), whereas all strains tested produced 550 bp amplicons typical of DNA from P. carotovorum subsp carotovorum, and P. wasabiae with primers, EXPCCF/EXPCCR. Same were results obtained from reaction of EXPCCF/EXPCCR primers with type strains of Pw (SCRI 488) and Pcc (SCRI 1949). However specific PCR primers could be used to conclusively distinguish our strains from Pa, Pb, Pco, and Pcb, they produced same PCR patterns for Pw (SCRI 488), and Pcc (SCRI 1449) type strains. Hence, to obtain more precise identification of isolates, ITS-PCR-RFLP profiles were generated using RsaI enzyme. Electrophoresis of ITS-PCR-RFLP products on 2 % agarose gel produced distinct patterns for putative Pw (group 1) and Pcc (group 2) strains that were similar to Pw (SCRI 488), and Pcc (SCRI1949) reference strains repectively. Furthermore, ITS-PCR-RFLP produced different banding patterns for reference strains of Pa (SCRI1043), and Dc (DSM 4610), but produced same RFLP patterns for Pcc (SCRI 1949) , and Pco(ICMP 11533) reference strains (Fig. 1) . Digestion with RsaI restriction enzyme together with previous results obtained from PCR by primers EXPCCR and EXPCCF, and 16S rRNA (100 % similarity with Pcc ECC131) confirmed that the members of 
group 2 could clearly be distinguished from Pco and other Pectobacterium species. Biochemical tests such as utilization of α-methylglucoside confirmed the similarity of group 2 to that of Pcc type strain. Molecular studies were fitted well with the results obtained from Biochemical tests (Table 3) Phylogenetic analysis of Malaysian Pectobacterium strains
In this study, mdh and gapA genes were amplified from representative Malaysian strains identified as P. carotovorum subsp. carotovorum and P. wasabiae, and their relationship was identified by multiple alignments using Clustal W program and Maximum Likelihood analysis. Construction of phylogenetic trees for Malaysian strains and other type strains obtained from GeneBank based on concatenated sequences of gapA and mdh genes revealed the presence of four main distinct clades (Fig. 2) . Strains of group 1 that were previously identified as Pw and isolated from different vegetable hosts clustered closely with each other and with those of Pw obtained from GenBank in Clade I . All Malaysian strains previously identified as Pcc. by biochemical and molecular tests clustered with Pcc Ecc380 in clade III. Clade III also contained type strains of Pco and Pcb obtained from GeneBank, confirming accuracy of their classification as subspecies of P. carotovorum in previous studies (Ma et al. 2007) . Clades I and III were supported with a high bootstrap value of 100 % indicating high levels of confidence for the clades. None of the Malaysian strains clustered with those type strains of P. betavasculorum (clade IV) and P. atrosepticum (clade II) obtained from GeneBank. The constructed phylogenetic tree supported identification of Malaysian strains as Pw and Pcc.
Pathogenicity tests and hypersensitive response
All inoculated potato and sweet potato tubers, tomato stems, and eggplant, tomato, and pepper fruits exhibited soft rot symptoms after 72 h similar to those observed in the fields and greenhouses and the same bacteria were consistently re-isolated. In the tuber assay, both groups 1 and 2 produced small water soaked lesions or soft rot symptoms, and gained similar amounts of weight loss by maceration by the end of 48 h after inoculation. Typical blackleg symptoms in the form of black lesions appeared on inoculated stems around the inoculation site 2 weeks after inoculation. Disease symptoms on fruits initiated by water-soaked lesions, and crumpled skin near the inoculation site after 48 h that extended gradually. At the same period, water-soaked and dark-green lesions appeared on cabbage leaves that were rotten rapidly. Symptoms were not observed on water-inoculated controls. The pathogenicty test was repeated with similar results. Similar results were obtained by P. carotovorum subsp carotovorum and P. wasabiae on potato slices. Strains of both groups (Pw and Pcc) showed the same symptoms and severity in potato maceration and pathogenicity on host plants assays. No signs of HR reaction or tissue collapse were observed in areas injected with P. wasabiae type strain nor any of the Malaysian P. wasabiae strains on 6 weeks old N. tabaccum (cv Xanthi);whereas, typical signs of HR, could be detected in areas infiltrated with P. carotovorum subsp carotovorum 24 h after inoculation. As expected, HR reaction signs were not visible on N. tabaccum (cv Xanthi) injected with distilled water as negative control. Discussion P. carotovorum subsp carotovorum (Pcc) was previously reported as the major soft rotting causal agent on vegetable crops and ornamental plants in the hot and wet climate of Malaysia (Nazerian et al. 2011; Golkhandan et al. 2013) . Recently in parts of Malaysia where the climate is cool and temperate (Pahang state), and also in the regions where the temperature is hardly lower than 27°C (Johor, Melaka, and Selangor states), another species of soft rotting bacteria was observed which was different from Pcc in some aspects. These isolates, unlike typical Pcc strains could not grow at 37°C and elicit HR on tobacco leaves. This group of isolates was initially identified as Pw using a combination of physiological and biochemical methods. Pitman et al. (2010) isolated Pw strains which elicited a mild form of HR in N. tabaccum (cv Xanthi), while our findings was in agreement with many other studies by Moleleki et al. (2012) and Glasner et al. (2008) that showed Pw was not able to elicit HR on N. benthamiana or N. tabaccum. Even though in this aspect putative Pw strains were similar to reference strains of P. atrosepticum (SCRI 1043), and some atypical Pcc, they were differentiated from these two species of Pectobacterium by utilization of raffinose and lactose.
Moreover, Malaysian strains failed to amplify the expected fragment size in PCR with the P. atrosepticumspecific primer (Eca1f/Eca2r). Amplification of the PCR product with Y1/Y2 primers targeting pel genes was successful for all Malaysian soft rotting bacteria isolates. According to previous records, all Pectobacterium species except P. betavascularum are able to amplify a 434 bp Fig. 2 The relationship between Malaysian Pectobacterium isolates (Pw8, ce22, csw1, cp4, cc12, and CK1), and other enterobacterial strains based on concatenated mdh and gapA genes sequences.
Numbers represent bootstrap values >50 % from 1,000 replicates in heuristic searches. Brenneria spp. was used as outgroup band with this primer set (Darrasse et al. 1994) . This study, confirmed that detection and genetic analysis by amplification of the pel gene, 16S rRNA, and ITS-PCR following by ITS-RFLP were reliable methods to classify strains of Pectobacterium spp. This result was in compliance with the expected bands for P. carotovorum subsp carotovorum and P. wasabiae. The profiles generated using the restriction enzyme RsaI could differentiate Malaysian isolates from Dickeya spp. and P. atrosepticum. Also Pcc can be differentiated from Pw by ITS-RFLP using the RsaI enzyme. However, discrimination of Pcc and other subspecies of P. carotovorum was not possible using the RsaI enzyme; the use of specific primers of EXPCCF/EXPCCR resolved this problem. Utilization of α-methylglucoside is a distinguishing feature for Pco and Pcc that along with ITS-RFLP could definitely differentiate Pcc from Pco. Toth et al. (2003) used the RsaI enzyme to identify Pw, Pcc, and Pco. They reported that using the α-methylglucoside test was necessary to distinguish Pcc and Pco. Also, Moleleki et al. (2012) showed that ITS-RFLP banding profiles generated with the RsaI enzyme could clearly differentiate Pw, Pa, Pb, Pcc, Pcb, and D. dadantii. In addition, these findings reinforced the results obtained from the physiological and biochemical tests for identification of Pectobacterium species isolated from vegetables tested in this study. This study showed that the PCR-based technique by application of specific primers (Y1/Y2, EXPCCF/EXPCCR, and Eca1f/Eca2R) is more accurate, sensitive, and faster for identification of Pectobacterium species in comparison to a phenotypic assay. Previous studies confirmed that detection and identification of Pectobacterium spp. based on phenotypic and biochemical features was time consuming, and depended on the laboratory condition and other involved factors (Lelliott and Stead 1987) . Although phylogenetic analysis with housekeeping genes could successfully classify field strains of Pectobacterium spp., this method was not able to differentiate between strains isolated from different crops.
In this study, we conducted phylogenetic analysis to show the similarity of our strains with other Pectobacterium species isolated elsewhere. The sequences of mdh and gapA housekeeping genes confirmed the identity of our set of pectolytic enterobacteria as Pw and Pcc This study has also demonstrated that comparative analyses by 16S rDNA sequences does not provide a clear resolution of phytopathogenic enterobacteria (Zeigler 2003; Young and Park 2007) . In contrast, housekeeping genes such as the malate dehydrogenase (mdh) and glyceraldehydes-3-phosphate dehydrogenase A (gapA) genes have been shown to produce congruent trees emphasizing the benefit of a multilocus approach for phylogenetic characterization of soft rotting entrobacteria. Ma et al. (2007) and Pitman et al. (2010) used mdh as well as acnA, gapA, icdA, mtlD, pgi and proA for multilocus sequence analysis of enterobacteria. Phylogenetic reconstruction of these genes classified the Pectobacterium spp. into four clearly distinguished clades (I, II, III, and IV). Malaysian Pectobacterium isolates placed into two of these clades (Fig. 2) . All strains previously identified as P. carotovorum subsp. carotovorum by biochemical and molecular tests clustered into a single clade with Pcc Ecc380 (clade III) supported by a bootstrap value of 100 %. The phylogenetic analysis also confirmed the presence of several Malaysian strains isolated from vegetables clustered closely with the type strains of P. wasabiae obtained from GenBank, in Clade I, supporting by a bootstrap value of 100 % which is in consistent with previous results. This observation is in agreement with other several reports of its occurrence in potatoes (Ma et al. 2007; Pitman et al. 2008; Kim et al. 2009; Baghaee-Ravari et al. 2011) .
Clades II and IV contained P. atrosepticum andP. betavasculorum respectively. Pco and Pcb were placed in a single clade with Pcc. This finding indicated the close relationship of Pcc and other subspecies of P. carotovorum and was in agreement with previous studies that confirmed their classification as lower species (Gardan et al. 2003; Ma et al. 2007 ).
Isolates of Pw collected from different host plants were grouped together and with Pw type strain (SCRI488) isolated from potato. Although our assays were laboratory-based, they confirmed those previous studies that suggested this species had a wide host range and challenged previous thoughts about it being host-specific (Yap et al. 2004; kim et al. 2009; Pitman et al. 2010) . The limited reports on the presence of Pw on different host plants could be due to the relative difficulty of its isolation in comparison to other Pectobacterium species and the likely presence of Pectobacterium species simultaneously on host plants (Marquez-Villavicencio et al. 2011) .
Tissue maceration results on potato slices and pathogenicity tests on vegetables in vivo showed no difference in pathogenecity between Pcc, Pw and other available type strains of Pectobacterium spp. According to previous studies, other enterobacteria such as Dickeya spp. are also able to cause soft rot disease on vegetables and many other hosts from different families, so it seems impossible to identify the causal agent by symptoms only (Lelliot and Dickey 1984; Oliveira et al. 2003; Samson et al. 2005; Ma et al. 2007; Pitman et al. 2008) . In agreement with some previous descriptions for Pw, in this study, Pw was presented as highly virulent and causing rot equivalent to that of Pcc and Pcb, both of which are often reported as being the most aggressive Pectobacterium spp. (Perombelon 2002; Yap et al. 2004; Yishay et al. 2008; Marquez-Villavicencio et al. 2011; Pitman et al. 2010; Baghaee-Ravari et al. 2011; Moleleki et al. 2012) . The use of Biolog could not be advised for distinguishing related members of the Pectobacterium spp although it has been used widely for identification of other bacteria (Toth et al. 1999) .
The information about the distribution and colonization routs of Pectobacterium spp. is required to develop effective management strategies. So far, knowledge on the ecology of the soft rot causing organisms is limited. For example, it is unknown how Dickeya and Pectobacterium spp. are introduced to initially pathogen-free potato seeds (Czajkowski et al. 2009 ). Hadas et al. (2001) reported pepper seeds contaminated with Pectobacterium spp. were pathogenic to tomato plants and thus present a threat to tomato production. It is also reported that P. carotovorum sp carotovorum is able to spread via surface and rain water, by aerosols and also can be transmitted by insects (Perombelon and Kelman 1980) . A temperature range of 30-37°C was found as the most favourable for soft rot development in different vegetable crop species (Farrar et al. 2009; walker 2004; Czajkowski et al. 2009; Bhat et al. 2010) . It is well-known that the bacterium survives in field residues, and infected field residues are of important sources for dispersing bacteria (Fiori and Schiaffino 2004) . These findings indicate that under Malaysian field conditions, P. wasabiae and P. carotovorum subsp carotovorum are expected to be transmitted via entry through natural openings or wounds in crops, and contaminated seeds. Besides these, Malaysian vegetable growing areas have a high soil temperature and moisture, both of which have been associated with increased susceptibility to bacterial soft rot (Nguyen et al. 2002; Galati et al. 2005; Annonymous 2006; Charkowski 2006) . The major source of infection and the most important route of long-distance dispersal of Pectobacterium spp. on vegetables in Malaysia are contaminated seed tubers, seeds, and other infected plant materials. High soil temperature and moisture increased susceptibility to bacterial soft rot during plant growth and harvesting in Malaysia. Lack of adequate refrigeration facilities in stores and an inappropriate transportation system are other important sources of spreading of P. wasabiae and P. carotovorum subsp carotovorum in Malaysia where farmers keep their seeds and tuber seeds in indoor stores annually. In conclusion, our study identified P. wasabiae and P. carotovorum subsp. carotovorum causing soft rot symptoms on vegetables in Malaysia using a combination of biochemical, molecular and phylogenetic analyses. This study also suggested that distinguishing of these strains according to their host range and the level of aggressiveness, may be incorrect.
